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10 Ohms/sq. and volume resistivity of 10 POXy matrix, respectively. Very high surface resistivity of

hieved . Th | conductivi . to 10" Ohms-cm with ultra-low water absorption of 0.14 % were
acmeved . Thermal conductivity analysis shows a slight increase in the thermal conductivity of the composite
sheet and reaches the value of 0.4387 W/mK_ Such high

1 interfacial polarizati resistivity is attributed due to low dielectric constant
an m;;f acial polarization and.low Wa'te'r absorption in the samples. Our approach presents new, adaptable and
cosl-eh ective means for gffectlvely utilizing waste as eco-friendly electrical and thermal insulating sheet and
lowering the thermal loss in microelectronics.

INTRODUCTION

Fabrication of electrical insulator with high resistance to electric current has gained huge interest for
separating electrical conductors and building electrical insulating panels. Previously, many materials
e.g. wood, glass, fabrics, mineral oil, and ceramics are used for electrical insulating purposes ['?. With the
growth of electrical/electronics industry, there is high need for an alternative material that possessed the
desired electrical, thermal, and mechanical properties. New high performance engineering polymeric
materials with additional properties such as ease of fabrication, lighter weight, low cost and excellent
insulation properties are the most desirable and demanding materials for electrical applications!'€..
In addition, the interface between filler and matrix has long been a critical problem that affects the thermal
conductivity and electric properties of the polymer composites. Industrial waste from thermal power plant
especially fly ash of about 150 millions of tons generated across the world every year’. Moreover, enviro-
friendly utilization of fly ash become global challenge as dumping the fly ash into the open environment creates
air, land and water pollutions. Heavy metal presented in fly ash are most important sorts of contaminant in the
environment that produced severe diseases such as lung cancer, anemia, dermatitis and skin cancer as their small
sizes penetrate into different organs of the human system and also create permanent respiratory disorder **.. In
addition, dumping of fly ash into the environment creates air, land and water pollutions. Presently, fly ash are
utilized in to cement manufacturing, filling of low lying area, construction of road and embankment, making fly
ash brick, ash pond dyke raising and also in agriculture area with certain conditions'® Various researches have
been carried out across the world to find an economical and suitable way to use fly ash, the industrial waste for
some application!”), However, fly ash solidification in cement and disposal at landfills is not an optimized solution
due to variation of fly ash characteristics. Fly ash as basement material for road construction is also limited to 5 %
in the United States and Japan, due to releasing of heavy metals from solidification matrix. Moreover, to preserve
the toxic element including fly ash numerous thermoplastics and thermosets are used!""\. Quan et al. have studied
the role of fly ash in the performance of fly ash concrete !"?l. Lingling et. al have also studied fired bricks with
replacing clay by fly ash in high volume ratio and shown that fired fly ash bricks has high compressive strength,
low water absorption, no cracking due to lime, no frost and high resistance to frost melting. The properties of
fired bricks were improved by pulverized fly ash . However, the sintering temperature of bricks with high
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volume of fly ash was about 1050°C, which is very high and energy consuming. PVC resin and fly ash baseq
polymer composite and fly ash/ polyurea (FA/PU) composites have been also reported by Nidal H. et al apg Jing
Qiao et al, respectively (%], They have reported thermal properties and loss of moduli and compared with thoge
of neat polymer. However, dielectric properties, surface resistivity and ac conductivity are still not reported fo; fly
ash based polymer composites. H. Khan et al. have shown that SiR (Silicone Rubber) composites with additiop
of fillers are used as high voltage (HV) electrical and non electrical application, ') and Masahiro Kozakq et. al.
have improved both thermal and electrical insulation properties of epoxy based composites using nanocomposite
technique ). In addition, the rapid development of micro-electronic technology, and highly integration of the
electric component cause the high heat flux and release of high heat from electronic component creates severe
problem to electronic devices. Moreover, the heat dissipation is also an important issue for electronic devices ang
controlling them by tuning the thermal conductivity and dielectric loss tangent is very important. However, to the
best of our knowledge investigation of fly ash based polymer composite with epoxy system as electrical insulation
with superior dielectric and high surface/volume resistivity through lowering the interfacial polarization and
water absorption are not reported till date.

In this work, water resistant fly ash-based polymer-based composites are prepared in epoxy matrix. Dielectric
constant, dissipation factor, electrical conductivity, surface and volume resistivity and water absorption of the fly
ash waste polymer composite with variation of filler concentration have studied in details. Physical, chemical and
dielectric properties of fly ash industrial waste powder was also investigated.

EXPERIMENTAL SECTION

Fabrication of electrical insulating sheet using fly ash waste.

The inorganic fly ash waste powder is collected from Sarni, district of Madhya Pradesh state of India.
Physiochemical properties such as pH, density, porosity and electrical conductivity of fly ash waste powder were
measured. The synthesis of polymer composites were carried out using hand operated compressive moulding
machine at room temperature. The prepared solution was poured in specific mould frame and then allowed to
cure for 6 hours at room temperature.

Characterization and measurements.

Elemental analysis was performed using S8 Tiger X-Ray fluorescence spectrometer (XRF). Morphology of the fly
ash powder was identified using scanning electron microscope (SEM) using JEOL, Model :NeoScope, JCM6000.
Dielectric constant and dissipation factor of fly ash waste powder and their polymer composites were measured
using Keysight LCR meter (E4980A) in the frequency range 20Hz—2MHz at room temperature. Surface and
volume resistivity are measured using Tektronix Electrometer Model 8009 Resistivity Test Fixture as per ASTM
D-257 standard. Water absorption study of fly ash waste epoxy composites was performed as per ASTM D 570-
98 method.

RESULTS AND DISCUSSIONS

Physicochemical analysis of fly ash powder. |
The physio-chemical analysis through various parameters such as pH value, bulk density, specific gravity,
conductivity and porosity of fly ash waste powder were measured and calculated as per standard pro‘cedurez-
Bulk density of the fly ash sample was calculated using IS: 2386-1963 method and the calculated value is four:)
to be 1.04 g/cm’. Specific gravity of fly ash was calculated using the IS CODE 2720 Part 3 and found to be 1.3 I
The pH of fly ash sample of 7.04 and conductivity of 2.06 pS/cm were obtained using ASTM stand.ard. The defgl‘
results are shown in Table No. 1.The porosity was calculated using the known value of bulk density and spectii¢
gravity and porosity of fly ash waste sample was found to be 25.68 %.
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Table 1: Physicochemical properties of fly ash waste powder

S No. Parameter Value
1 pH 7.04
2 Bulk Density 1.04 g/cm’
3 Specific Gravity 1.39
4 Electrical Conductivity 2.06 pS/cm
5 Porosity 25.68 %

Scanning electron microscopy (SEM) of fly ash sample.

The morphology of the fly ash powder sample is recorded using scanning electron microscope studies and results
are shown in the shown in Fig.1 (A-C). It is evident that the fly ash sample has cenospheres morphology and size
in the range of 3 -12 um. The morphological results was well correlated with the characteristic morphologies of
coal fly ash sample !'*29).

Fig.1. (a) low (b) mid and (c) high magnification of the SEM images of the fly ash waste powder sample

X-Ray Florescence (XRF) studies.

Wavelength dispersive X-ray fluorescence (WD-XRF) is a well-known technique for fast, and accurate quantitative
determinations of matrix elements over a wide concentration range. To perform the elemental analysis of the fly
ash sample, a pellet is prepared using the 5g fly ash and 5 gm boric acid.?" The results obtained by using WD-
XRF analysis is shown in Fig 2A and Table 2. It is clearly visible that fly ash has SiO, (57.3 %), CaO (1.12 %),
Fe,0, (3.73 %), ALO, (27.8 %), MgO (0.967 %), SO, (0.243 %) , Na,0, (0.210 % ), K,0 (3.00 %) TiO, (1.92 % ),
P.0, (0.232 %) and various elements including heavy elements such as Zn, Mn, Cu, Ni, Pb, and Zr concentration
in ppm range are also detected. The results are displayed in Fig 2B.

Table 2: XRF of fly ash waste powder showing elemental
composition of the fly ash particulates

S. No. Oxides % in fly ash
1. Si0, 573 %
2. Ca0 1.12 %
3. ALO, 27.8 %
4. Fe,O, 3713 %
4. MgO 0.967 %
5. SO, 0.243 %
6. Na,O 0.210%
7. K,0 3.00 %
8. TiO, 1.92 %
9. P.O, 0.232%
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Fig. 2. (a)WD- XRF results of the fly ash waste powder showing elemental composition (b) heavy element presented in the fly ash samples

Water absorption of Fly ash polymer composite sheet.
Electrical insulating sheet prepared from fly ash with various content (10, 20, 30, 50 and 60 wt %) is shown iy

the Fig 3. Calculation of water absorption of fly ash polymer composite was carried out through initial and fing|
weight of fly ash polymer composite samples before and after fully immersion in distill water bath for 24 hours

are measured and calculated.

o A ? AR

Fig. 3. Original image of fly ash waste based polymer composite (FAPC) samples with various filler concentration

Samples are conditioned at 50°C for 24 hours before testing the water absorption of samples. Water absorption
measured for 10, 20, 30, 50 and 60 wt% fly ash waste based polymer composite samples is shown in Fig 4 a and b.
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Fig. 4 (a) Water absorption (b) Water absorption under boiled water of fly ash waste hybrid polymer composites.

It is clearly seen that as the weight amount of the fly ash waste powder in epoxy matrix system increases as the
water absorption decreases. The water absorption of value 1.13, 0.44, 0.416, 0.84 and 0.14 % were obtained for
fly ash polymer composite sheet containing 10, 20, 30, 50 and 60% of filler amount (fly ash) for 24 hour water
immersion test, Similar procedure was repeated for boiling water absorption test and fly ash composite samples
was immersed in boiling distill water for 2 hours. Boiling water absorption test shows that water absOrPtiO“, of
2.94,2.34, 1.27, 0.45 and 0.34 % were obtained for fly ash polymer composite samples of filler concentration
10, 20, 30, 50 and 60 % of fly ash. It has been observed that very low water absorption upto 0.14 % and 0:34
% was obtained for sample containing 60 % wt of fly ash in water absorption and boiling water absorption
_4,2020
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Scanning electron microscopy (SEM) of fly ash polymer composite,

The morphology of fly asl.1 based polymer composites are analysed using SEM technique. Figure 5 (a-d) depi
the SEM micrographs of industrial fly ash polymer composites samples. SEM technique'is f s::on - )th edplCt
e the interfacial bonding of inorganic particulates with the polymer. To investigate (t!he interfacialgbr(l)fdis :)Of
prepared polymer composite sample, SEM of fracture sample has been used. Fig 5 clearly indicate that f ashg'lre
randomly distributed with the epoxy system and no leakage or weak bonding with polymer is observed[z,]. ‘

Fig. 5.(a) low and (b-d) high magnified SEM images of the fly ash based hybrid polymer composite.

Dielectric and Electrical Analysis.

Dielectric constant is important parameter to design the electrical insulating sheet and it the ratio of the capacitance
formed by two plates with a material between them to the capacitance of the same plates with air as the dielectric.
Dissipation factor has also important role to fabricate high performance electrical insulating sheet and electronic
components and it is equivalent to the ratio of current dissipated into heat to the current transmitted. Dielectric
constant (¢') and dissipation factor (tan 8) for fly ash powder was measured in the wide frequencies range of 20
Hz -2 MHz at RT and the obtained results are shown in Fig. 6(a) and (b), respectively.

(a) (b)
180 T 7 iy Ash Powse ? i ' iy Aah Powder
S
. c
g 10000 g .
T | § il . ’. .
g 7500 E . ] // ‘\ "\f' h
e LIN UL
H m % J \ ,,/'/ \{Lm‘!“ 1
g ano \ ':-;n.. V i."ﬁ ¥
a 1 3
SR T
o; 2 3 4 6 6 T 2 3 4 H 6
LOGqgf(Hz) LOGqpf(Hz)

Fig. 6 Variation of (a) Dielectric constant and (b) dissipation factor with frequency for fly ash sample
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Fly ash waste powder sample exhibited a very high dielectric constant of about. ~10900 at RT at lower fre
region (29 Hz) which attains a low constant value of 6.16 at higher frequencies side (2 MHz) (Fig. 6 (
observed diclectric constant showed that fly ash may be used as capacitor for energy storage, however to fabri

the clectrical insulating sheet such high value may add capacitance effect which is not desirable for fabn,ca:ate
S. C. Raghavendra et. al. have reported that fly ash has a dielectric constant ofor;ng
as calculated by the relation e

Quene

2)). The

clectrical insulating sheet.
10*123) The diclectric constant () of the materials w
Cxt

— ()

COXA

£ =

Where. € 18 permittivity of free space, A is the cross sectional area, t is the thickness, and Cp is the capacitance of

the sample V. Dissipation factor (tan 0) is given by

EH

Tan d = (2)

r

£
Where. ¢ is the imaginary part of diclectric constant 2. Fig 6(b) present the variation of dissipation factor
of flv ash with applied frequency and a tan d of ~ 1.8 was detected at low frequency side. Dielectric constant,
dissipation factor and ac conductivity of the fabricated fly ash polymer composite samples consisting filler
concentration varying from 10-60 wt % fly ash powder were measured under same condition in range of 20 Hz

to 2 MHz at RT.
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Fig. 7. Variation of (a) dielectric constant and (b) dissipation factor with frequency for fly ash waste polymer composite with various Sfiller
concentration.
Fig 7a and 7b show the variation of dielectric constant and tangent loss with applied frequencies of polymer
composite samples. As the frequency increases the dielectric constant of all composite sample found to be
decreases. It is interesting to note that dielectric constant of fly ash polymer composite samples dramatically
decreases from 10900 to 6.69 for 60 % fly ash filler concentration sample. Dielectric constant of fly ash polymer
composite with 10, 20, 30, 50 and 60 % fly ash content shows dielectric constant of 4.98, 5.25, 5.00, 5.81, and

6.69 respectively. It is clearly visible that as the fly ash concentration increases in the epoxy resin, the value
% fly ash content polymer

of dielectric constant increases. However, very minute decrease is detected for 30
h based

composite sample comparative to 20 % fly ash content sample. Such remarkable decrease in the fly as
composite is due to the low dielectric constant of epoxy resin. Dielectric loss of the polymer composite with
various filler concentration was also measured in the same frequency range of 20 Hz to 2MHz. Dielectric loss
were also found to be decreases with increase of frequency and found to be very small of about 0.002 tor bO. %
fly ash based polymer composite sample. The calculated ac conductivity of all fabricated samples and variatiot
of ac conductivity with applied frequency is shown in the Fig 8.
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Fig. 8. Variati ity wi
ig ariation of ac conductivity with _fm{ae‘my JSor fly ash waste polymer compuosite with various filler concentration
(right side shows enlarge view of ac conductivity).
ACconductivityincreaseswith mcreaseoftheﬂyashwasteconcentralioninthepolymercompositesandac conductivity

has low value of 1.27 x 10Q cm”' in low frequency region and high 2.96 x 10°Q' cm™ at higher frequency side
(2 MHz) for 60 % fly ash hybrid polymer composite sample,

Surface and Volume Resistivity Studies

Surface and Volume resistivity of the fabricated fly ash based polymer composite samples are measured as per
ASTM D257 standard. The samples are prepared in square shape of 100 mm dimension to measure both surface/

volume resistivity. Surface resistivity of the fly ash based polymer composite samples was found to in range of
10" ohms/sq (Fig 9a).
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Fig.9 (a) Variation of surfuce and (b) volume resistivity of fly ash waste polymer composite with various filler concentration.

The results indicate that surface resistivity increases with increase of filler concentration till 50 % filler content
and decrease to 10'"* for 60 % fly ash amount. Further, volume resistivity of the fly ash polymer composite
samples was found in range of 10 to 10" ohms-cm for the filer concentration of fly ash from 10, 20, 30, 50
and 60% in polymer composites (Fig 9b). It is observed that volume resistivity slightly decreases with increase of
filler concentration ( Figure 8b). The observed high value of surface and volume resistivity of fabricated polymer
composite samples shows their suitability for electrical insulation application. Roy E. Bickelhaupt et al has
reported that ash producing by plants may have resistivity greater than 10" ohm-cm *"). Osarenmwinda J.Q.
etal. have observed that composite materials prepared using sawdust:palm kernel shell has insulation resistance
of 490MQ . To the best of our knowledge such polymer composite with high value of surface and volume
resistivity are not reported till date. The higher resistivity is basically attributed due to low water absorption and

weak interfacial polarization between polymer and fly ash particles.
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THERMAL COﬁPUCTIVI:je‘:JI:;Lchmposites sheet with fly ash ﬁ!ler loading up to 60 % were evalualed
Thermal conductivity of thz etivity set up based on hot wire method using KEM QTM-7|F)’ Japan i vy
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ob;aiér;)es/t;‘;::;a: ec:l:]i(tjalilt(::(livtlzrmal conductivity of 0.1765,0.278,0.3164, 0.3925 and 0.4387 W/mK (Fig 19,
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Fig. 10. Thermal conductivity of the fly ash polymer composite sample.

As the filler increases in the epoxy resin, the thermal conductivity increases and reached a maximum valge
of 0.4387 for 60 % filler condition. We found the spherical shape of fly ash create a path way in epoxy resin
matrix, resulting slight enhancement of the thermal conductivity polymer composites. The low value of thermal
conductivity enable the product to use in thermal insulating materials specially it reduces the high heat flux and

release of high heat from electronic component in micro-electronic technology cause by the integration of the
electronic components.

CONCLUSIONS

In summary, this study disclose a facile method for developing environmentally friendly industrial inorganics

fly ash based moisture resistant electrical insulating hybrid polymer composite using compressive moulding
techniques. Very high dielectric constant of 10900 at low frequency and high dissipation loss factor at RT wef¢
measured of fly ash waste powder. Various fly ash polymer composite with filler concentration of 10, 20, 30; 50
and 60 % wt ratio were fabricated. Very low water absorption of 0.14 % was observed from developed sheel
Effect of filler concentration on density, water absorption, dielectric constant, surface/volume resistivity werz
analyzed in details. Dielectric constant of fly ash based hybrid polymer composites were found to be decre?s® /
with respect to applied frequency and increases with fly ash waste powder. Surface resistivity about 10" ohms

e er
sq and volume resistivity in the range of 10" to 10'S ohms-cm were measured from the fly ash based POI?III[]he
composite samples. Low thermal conductivity of the fabricated composite was obtained and slight increase 1
thermal conductivity was observed with increase in th

: jopt

¢ filler loading. The high resistivity is discussed 10 fhe hi,

of low water absorption and interfacia] polarization between polymer and fly ash particles. Our work not just"
demonstrates a promising way to utilize industrial

. atly
: waste to fabricate electrical insulating sheet but also gre
broadens the eco-friendly recycling method of industrial waste.

78

-
1)

J. MET. MATER SC.. Vol 62,No. 3=~



e

ACKNO

Authors
publish the wor
raw materials an

the

TUNING SURFACE RESISTIVITY AND THERMAL CONDUCTIVITY OF WATER ...

WLEDGEMENTS

are very thankful to the Dr. A. K. Srivastava, Director, CSIR-AMPRI, Bhopal for giving permission to
k. Authors are thankful to Mr. Ravi Patidar, Mr. Ashwin and Mr. Deepak Kashyap for collecting
d SEM measurements. Dr. M. K Gupta is grateful to CSIR, India for granting MLP -1 16 and

MLP-115 projects.

REFERENCES

(1

Y. Yang, J. He, Q. Li, L. Gao, J. Hu, R. Zeng, J. Qin, S.X. Wang and Q. Wang: Self-healing of electrical damage in polymers
using super paramagnetic nanoparticles. Nature Nanotech 14: 151-155, 2019

G. Shimoga and S.Y. Kim: High k polymer nanocomposite materials for technological applications. Appl. Sci. 10(12): 4249,

(2]
2020

[3] Sahy,R, Gupta, M.K., Chaturvedi, R. Tripaliya, S.S., Pappu, A.: Moisure resistant stones waste based polymer composites with
enhanced dielectric constant and flexural strength. Composite Part B: Engineering 182: 107656. 2020.

(4] DK. Mahla, M. Rahman and Khastgir: Composition-dependent electrical and dielectric properties of polyaniline/graphene
composites produced by in situ polymerization technique. Polymer Composites 36: 445-453,2015.

(5] D.Chung: Composite materials for dielectric app lications. Composite Materials: 73-89, 2003.

[6] A. Rybak and J.Nieroda: Aluminosilicate-epoxy resin composite as novel material for electrical insulation with enhanced
mechanical properties and improved thermal conductivity. Polymer Composites 40(8): 3182-3188,2019.

(7] BK Singh and P. Nema: Characterization of various flyash fractions for adsorption processes. Res. J. Material Sci.
3(3): 7-16, 2015

[8] S Anandhan: Recent trends in fly ash utilization in polymer composites. International Journal of Waste resources 4: 1000149,
2014.

[9] R.Setsuda, I. Fukumoto and Y. Kanda.: Effects of fly ash in composites fabricated by injection molding. Polymer Composites
33:1351-1359 2012.

(10] Surabhi: Fly ash in india:generation vis-avis utilization and global perspective. International Journal of Applied Chemistry
13(1): 29-52, 2017.

[11] 1.D. Chow, W.N. Chai, C.M. Yeh and F.S. Chuang: Recycling and application characteristics of fly ash from municipal solid
waste incinerator blended with polyurethane foam. Environmental Engineering Science 25(10): 461-471. 2008

[12] H Quan and H. Kasami.:Experimental study on durability improvement of fly ash concrete with durability improving admixture.
The Scientific World Jr. 81810311, 2014

(13] X Lingling,., G Wei, W. Tao and Y. Nanru: Study on fired bricks with replacing clay by fly ash in high volume ratio. Construction
and Building Materials. 19: 243-247, 2005.

(14] H Nidal, A.P. Khoshnoud, M. Jamel and S. Gunashekar: Enhanced thermal properties of rigid PVC foams using fly ash.
World Academy of Science, Engineering and Technology International Journal of Materials and Metallurgical Engineering
9(1): 18-24,2015.

[15) J Qiao, A.V. Amirkhizi, K. Schaaf and S.N. Nasser: Dynamic mechanical analysis of fly ash filled polyurea elastomer. Journal of
Engineering Materials and Technology 133(1): 011016-1, 2011.

(16) H Khan, M. Amin and A. Ahmad:Characteristics of silicone composites for high voltage insulations. Rev. Adv. Mater Sci.
56 (1):91-123. 2018,

(17) M. Kozako, Y. Okazaki, M. Hikitaand T. Tanaka:Preparation and evaluation of epoxy composite insulating materials toward high
thermal conductivity. International Conference on Solid Dielectrics, Potsdam, Germany. 2010.

(18] S‘- .Vassilcv and C. Vassileva: Methods for Characterization of Composition of Fly Ashes from Coal-Fired Power Stations: A
Critical Overview. Energy & Fuels 19 (3): 2005.

19 y ; SR,

(19) Barbara Kutchko, Kim and Ann: Fly ash characterization by SEM EDS. Fuel.85 (17-18): 2537-2544. 2006.

200 G n. . : .

[20] (’: Raghavendra., S. Ojha, S.K. Acharya and S.K. Pal: A comparative analysis of woven jute/glass hybrid polymer composite
With and without reinforcing of fly ash particles. Poymer Composites 37 (3): 658-665, 2016.

J.ME (-
T. MATER SC., Vol. 62, No. 3-4, 2020 79



]

SANDHYA SINGH TRIPALIYA, MANOJ KR. GUPTA, RIYA SAHU, ASOKAN PAPPU

[21] Malik, M., NK. Soni, K.V. Kanagasabapathy, M.V.R. Prasad and K.K. Satpathy: Characterisation of Fl
Fired Thermal Power Plants Using Energy Dispersive X-Ray Fluorescence Spectrometry. Scientific Rev
Communications, Sci. Revs. Commun. 6(4): 91-101, 2016.

[22] Raghavendra, S.C. Raibagkar, R.L. and Kulkarni, A.B.: Dielectric properties of fly ash. Bull Mater Scj 25 (1):37-39 2
CTUR 00,

[23] Eroglu, A. Tataroglu, A. and Altindal, S.: On the temperature dependent dielectric properties, conductivity and reg
structures at IMHz. Microelectronic Engineering 91:154-158. 2012.

}’ ASh frOm
1ows & Cherni(:;

[24] Supriya, S., Kumar, L. and Kar, M.: Optimization of dielectric Properties of PVDF-CFO nanocomposites. Pg|
40: 1239-1250, 2019.

[25] Malki, M. and Echegut, P.: Electrical Conductivity of the CaO-SiO, system in the solid and the molten states, J
Crystalline Solids 323(1-3): 131-136, 2003.

[26] Bharti, D.K., Gupta, M.K. and Srivastava, A K.:Temperature dependent dielectric and electric properties of zinc sil;
Nano-Structures & Nano Objects 17: 123-128, 2019.

[27] Bickelhaupt, R.E: Surface Resistivity and the Chemical Composition of Fly Ash. Journal of the Air Pollution Contro
25(2): 148-152, 1975 doi.org/10.1080/00022470.1975.10470063.

[28] Osarenmwinda, J.O and Nwachukwu, J.C. : Electrical Insulating Properties of Developed Composite Material from Palm Kemey
Sawdust. Proceeding of the World Congress on Engineering 1., 2011.

ymer ComPOsilts
oumnal of N,
Cate Nanorg

| Associatioy

020
80 J. MET. MATER SC., Vol. 62, No. 34,2

.




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

